Summary
Introduction
A recurring question has been whether EPC diagnosed clinically is caused by discharges arising in the cerebral cortex or in subcortical structures. Present opinion seems to favour a cortical origin either as a type of partial somatomotor status epilepticus (Shorvon, 1994) or a focal cortical myoclonus (Obeso et al., 1985) . Thomas et al. (1977) , in a report of 32 cases, found evidence of (cortical) EEG abnormalities in many patients and autopsy findings in eight showed consistent involvement of the motor cortex or adjacent structures. Similar reports of single cases or smaller
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series have also supported the notion of a cortical origin for EPC (Omorokow, 1927; Kugelberg and Wid6n, 1954; Wieser et al., 1978; Cowan et al., 1986; Chauvel et al., 1992) .
However, several other reports have suggested that EPC originates in subcortical areas. All nine autopsy-studied patients of Juul-Jensen and Denny Brown (1966) had lesions in both cortex and subcortical structures and none had EEG activity time locked to the muscle jerks. Citing their work on monkeys in which spontaneous myoclonus had been observed after subcortical lesions in cerebellum, thalamus and deep parietal lobe, they suggested that EPC was due to 'dysequilibrium in subcortical reflex activity'. A sub-cortical origin of EPC was also proposed in a patient with EPC and partial epilepsy, in whom myoclonic jerking persisted during intra-operative cooling of the involved cerebral hemisphere (Kristinasen and Henriksen, 1971 ). Another patient, described by Botez and Brossard (1974) developed EPC in association with a sub-cortical glioma.
The primary aim of this study was to ascertain the likely sources of muscle jerking in a large series of patients with EPC and, if possible, to identify any clinical features that distinguish between them. Because of the rarity of the condition, we used the British Neurological Surveillance Unit to identify cases of EPC diagnosed clinically by British neurologists over a 1-year period. In so doing, we obtained data on, or examined, a wide spectrum of patients. The clinical and neurophysiological features of these patients are discussed in this paper.
Patients and methods
In the United Kingdom all neurologists participate in a system designed to facilitate the surveillance of rare neurological disorders (Cockerell et al, 1995) . Every month each neurologist in the UK receives a card with a list of conditions currently being surveyed. Epilepsia partialis continua was surveyed during 1993. It was denned as 'spontaneous regular or irregular clonic muscle twitching of cerebral cortical origin, sometimes aggravated by action or sensory stimuli, confined to one part of the body, and continuing for a period of hours, days, or weeks ' (Obesoetal, 1985) . Each consultant was asked to complete a questionnaire detailing the neurological history, or alternatively the case notes were reviewed.
Invitations were issued to patients requesting review at the National Hospital for Neurology and Neurosurgery for further clinical examination, video taping, MRI, scalp EEG and other neurophysiological studies which included EMG and somatosensory evoked potentials (SEPs), and in some patients, transcranial magnetic stimulation of the motor cortex.
EMG and EEG signals were recorded with 9-mm diameter Ag/AgCl surface electrodes. The amplifier bandpass was 8-1000 Hz for the EEG channels during evoked potential and backaveraged spontaneous activity and 30-1000 Hz for the EMG channels. Data were sampled by computer (through a CED 1401 A-D interface; Cambridge Electronic Design, Cambridge, UK), at a rate of 5 kHz per channel. Somatosensory evoked potentials are the average of 512 or 1024 trials; backaverages were constructed after collection of at least 80 trials. Each single trial was collected and analysed later for correct triggering and absence of artefact. Magnetic stimulation was performed using a high power Magstim 200 (Magstim Co., Whitland, Dyfed) connected to either a round (mean diameter 9 cm) or figure of eight (each loop mean diameter of 7 cm) coil. Stimuli were given at a rate of <0.2 Hz. 
Clinical features
The clinical features are described in Table 1A . The majority of patients (26 out of 36; 72%) had seizures, and most of these were secondary generalized tonic-clonic in type (16 out of the 26 patients with seizures; 62%). Abnormal neurological signs were found in 16 patients (44%) and included pyramidal signs, dysphasia, or cognitive deficits. Jerks affected the upper limb and hand in all but two cases where the jerks were limited to the foot. The frequencies of muscle jerking were <10 jerks min" 1 in 12 (33%), 10-20 jerks min" 1 in seven (19%), and >20 jerks min" 1 in five (14%). The features of the muscle jerking itself were not well described in 12 patients.
Aetiology
The aetiology was unknown in seven patients. In the remainder, the commonest isolated causes were Rasmussen's syndrome (seven cases; 19%) and stroke (five cases; 14%). Considering the children as a separate group, the commonest cause was Rasmussen's syndrome (five patients), and multisystem disorders (three patients; one mitochondria] disorder, one Alpers syndrome and one unknown). This is shown in Table IB .
Investigations
Only eight patients (22%) had focal epileptiform scalp EEG abnormalities. The majority had generalized background scalp EEG disturbances (14 patients; 39%), or were normal (six patients; 17%). Abnormalities on MRI or CT were found in 20 cases (56%). In 10 (28%) patients there was predominant cortical involvement, and in three (8%) there was both subcortical and cortical involvement. In two (5%) there was subcortical involvement only. In five (14%) patients there was diffuse hemisphere damage. In 14 (39%) patients the MRI or CT was apparently normal.
Follow-up and treatment
The patients were not followed prospectively and so outcome was difficult to assess. However, after notification there were two deaths related to the underlying aetiology. The muscle jerking resolved in four patients (with no treatment in one). A less complete response to treatment was seen in seven (19%) patients. Antiepileptic drugs reported to be successful were phenytoin, carbamazepine, clonazepam or sodium valproate, either alone or in combination. Three patients had undergone surgical intervention (sub-pial resection in one and resection of the putative focus in two), all with no sustained effect on the muscle jerking. Further cognitive or neurological decline had been noted retrospectively in 13 (36%) patients (including all of the patients with Rasmussen's syndrome).
Details of patients seen
Of the 36 patients, 16 were studied. In this section we give the clinical details (Table 2 ) and the electrophysiological results (Table 3 ) from these patients. We have classified the patients into four groups according to the probable site of origin of their jerks within the CNS. Following the guidelines of previous authors (e.g. Halliday, 1967; Shibasaki et al., 1978; Hallett et al, 1979; Obeso et al., 1985) , patients with a definite cortical origin were identified by the presence of an EEG event time-locked to the muscle jerk at an appropriate interval for conduction in corticospinal pathways. This was seen on backaveraging EEG activity prior to spontaneous jerks, or as an enlarged SEP prior to reflex jerks. Patients with a probable cortical origin had no obvious EEG correlate, but were classified in this group because (i) their jerks were of short duration and synchronous in antagonist muscles (Hallett et al., 1979 ) and (ii) there was other evidence of a cortical origin either from previous electrophysiology, clinical detail or the results of transcranial magnetic stimulation. Five patients did not fulfil these criteria, at least at the time of testing. Three of them were classified as of unknown origin because of the lack of physiological data. In two the origin was considered to be subcortical. Normal latency with 2nd burst at 90 ms at teres major and SCM *SEP amplitudes measured peak-to-peak for the P1-N2 component of the response; +SEP amplitudes larger than the upper limit of normal (median nerve wrist, 10 U.V; posterior tibial nerve ankle, 4 |iV); ^positive peak amplitude/latency between positive peak and EMG onset. NB Malformed potential. Nl peak of normal latency and size, but followed by a slow, large, positive wave (peak amplitude at 43 ms of 3 mV).
in his right leg and ankle. Recovery was slow and was thought to be prolapsed disc, although subsequent MRI did not confirm this. Three months later, his right foot began to jerk, and has continued to do so ever since. The twitching worsens during movement, and makes his gait mildly ataxic. He is otherwise well and has suffered one generalized seizure. shows a large stimulus artefact merging into an M-wave, followed, 89 ms later, by a small reflex muscle jerk. The EEG potentials reveal an enlarged positive potential peaking 43 ms after the stimulus, and which precedes the reflex jerks by 46 ms. This wave is followed by a larger, broader potential some 35 ms later, which preceded a second jerk in the EMG by a similar latency. (B) Enlarged SEPs (N20-P25) following electrical stimulation of the right median nerve at the wrist. The unrectified EMG record is from the abductor pollicis brevis (APB) muscle and shows a stimulus artefact merging into the M-wave (and a small F-wave), but there is no reflex jerk. Two averages are superimposed in A and B. (C) Backaveraged (of 100 sweeps) EEG activity time-locked to spontaneous jerks in the right leg (quads, quadriceps; tib ant, tibialis anterior; FHB, flexor hallucis longus). The jerks in tibialis anterior were used to trigger the average. A positive-negative wave, largest in channels 3, 6 and 7 precedes the jerk by -50 ms (vertical lines). All EEG records were referenced to linked earlobes.
There was no response to anticonvulsants. Tests were normal, including surface EEG and brain and spinal MRI. Neurological examination revealed focal myoclonus of the right foot and distal leg and an absent right ankle jerk.
Physiological studies (see Fig. 1 ). At the time of study, there were no spontaneous jerks at rest. Voluntary movement of the right leg was accompanied by action myoclonus in calf and thigh muscles. In tibialis anterior the jerks occurred as 25-50 ms bursts of EMG activity which recurred at a frequency of ~6 Hz. Backaveraging revealed that the action-induced jerks were preceded by a cortical spike (20 (iV), maximal around the vertex, the initial positive deflection of which preceded the onset of activity in tibialis anterior by -50 ms. Electrical stimulation of the posterior tibia! nerve at the ankle produced a giant SEP at the vertex (P1-N2 component, 22 (iV; PI latency 43 ms) together with a short train of two or three reflex muscle jerks. The initial jerk in the flexor hallucis brevis had an onset latency of 89 ms, some 46 ms after the positive peak of the SEP. The initial P1-N2 wave in the SEP was followed by a second large wave which preceded the second reflex jerk by a similar interval. Stimulation of the median nerve at the wrist also evoked a large SEP over the lateral central area of scalp (P1-N2, 20 (iV), but did not trigger a reflex jerk.
Case 2
A 51-year-old right-handed woman presented with a 3-month history of isolated jerking of her right hand and arm. The jerking began suddenly and had been continuous since. The jerks were worse on movement and persisted during sleep. She has never had any seizures and is otherwise well. She has experienced one episode of dystonic posturing of her right arm which lasted half an hour. Examination revealed stimulus sensitive reflex jerks of the right hand. Investigations were normal. EEG showed spikes over left cortex. MRI of the brain showed small infarction in the region of the cortical motor strip (Fig. 2) .
Physiological studies. Spontaneous jerks of the right arm occurred with short duration (<100 ms) EMG bursts which were synchronous in antagonist muscle pairs and occurred at a rate of ~2 Hz. Backaveraging revealed a positive spike (5 |iV) localized over the left central scalp, the onset and positive peak of which preceded the onset of jerks in the forearm extensor muscles by 19 and 24 ms, respectively. Stimulation of the right median nerve produced a giant SEP which had a different form to that usually described in patients with cortical reflex myoclonus. The Nl component was slightly delayed (21.4 ms), and of large amplitude (baseline to peak, 5 (J.V). This was followed by a large PI potential (Nl-Pl amplitude, 23 (iV). The N2 component was of normal size (P1-N2, 5 |iV). Although the stimulus also evoked a reflex jerk, this was not recorded electrophysiologically, so that the latency is unknown.
Case 3
Five years ago, this 34-year-old right-handed man suddenly experienced three episodes of apnoea with speech arrest, necessitating admission to an intensive care unit. The attacks were presumed to be ictal in nature. A few months later he developed episodic jerking of his left arm and sometimes face and leg of variable duration, lasting minutes to hours. During these periods there was continuous subtle twitching of the hand. Treatment with anticonvulsants reduced the frequency of these episodes. There has been no progression, and he has had no other seizures. On examination, there were left-sided cortical sensory signs, but no motor deficits. EEG was normal. MRI of the brain showed a long-standing cortical lesion of CSF density in the right parietal cortex, probably an infarct acquired perinatally.
Physiological
studies. There were no spontaneous or action-induced jerks when examined. Stimulation of the left median nerve produced a giant SEP (P1-N2, 10 (J.V; PI peak latency, 27 ms), and a reflex muscle jerk at a latency of 50 ms in the first dorsal interosseus muscle. The duration of the reflex jerk was 30 ms.
Case 4
A 45-year-old man, with a 20-year history of epilepsy due to a right hemisphere focus of unknown aetiology was admitted with involuntary twitching of his left foot which started after recovery from a tonic-clonic seizure. He suffered complex partial seizures once every 6 months or so, with infrequent secondary generalization, the last being over 10 years prior to admission. The jerks of the leg continued despite treatment with carbamazepine, clonazepam and sodium valproate. There was no stimulus sensitivity and the jerks were present in sleep. Examination was unremarkable. The EEG showed frequent epileptiform discharges with spikes and sharp waves over the temporal region of the right hemisphere. MRI of the brain showed mild atrophy over both hemispheres. The foot jerking continued unabated for 3 weeks and then stopped. No recurrence was experienced.
Physiological studies. The jerks occurred as short bursts (<50 ms duration) of EMG activity in the left triceps surae and intrinsic foot muscles and occurred at a variable frequency of 1-3 Hz. Backaveraging disclosed a large positive wave (8 |iV) peaking some 35 ms before onset of EMG in triceps surae. Somatosensory evoked potentials from stimulation of the left posterior tibia! nerve at the ankle were of normal amplitude (2-3 (iV) and latency (40 ms), and there were no reflex jerks.
Case 5
A 74-year-old man presented with a 4-month history of uncontrolled jerking of his left leg occurring in the context of clear consciousness. The jerking would last for 15-30 min and occurred once every few days. There were no exacerbating or relieving factors. He also had two secondary generalized seizures, one occurring after one of the episodes of leg jerking. He was prescribed phenytoin. He had a past history of temporal arteritis treated with steroids which was in remission. On examination, occasional jerks of the left leg were seen every few seconds. These became continuous when he dangled his leg over the side of the couch. Tapping the patellar tendon evoked jerks in his left leg and arm. There were no other significant neurological findings. EEG showed a mild excess of theta waves over both hemispheres. MRI of the brain showed age-related white matter lesions, but no cortical damage. After a period of a few months the jerks subsided and there was no relapse.
Physiological studies. There were no spontaneous jerks during the course of physiological testing. However, stimulation of the left posterior tibial nerve at the ankle evoked a reflex response in the intrinsic foot muscles with a latency of 96 ms. The corresponding cortical SEP was enlarged (12 |iV) and delayed (48 ms). Magnetic stimulation of the motor cortex evoked EMG responses of normal latency in arm and leg muscles.
Case 6
A 26-year-old right-handed female had sustained a traumatic birth with cord strangulation, spending 3 weeks in an incubator. She recovered and appeared to be well until the onset of secondary generalized seizures at age 14 months, and complex partial seizures a few years later, both proving . A(i) illustrates the onset of the spasm, which begins with short jerks in biceps/triceps and the other arm muscle, which grow in amplitude until a continuous spasm starts towards the end of the trace. A(ii) illustrates the end of the same spasm some 20 s later. The EMG in biceps and brachioradialis (bra.rad.) consists of hypersynchronous action potentials at high frequency. These stop suddenly and are followed by three shorter burst of activity before the arm relaxes. B shows a segment of the spasm at around the time of the start of the record in A(ii) on an expanded time scale. C shows the EMG responses to transcranial magnetic stimulation of the motor cortex at the time of the vertical dotted line. Note the double response in forearm flexor (f. flexor), extensor and abductor pollicis brevis (APB) muscles. The onset latency was within normal limits. refractory to treatment. At 16 years of age she developed shaking of the left hand which has been continuous ever since. The movements persist during sleep, and are not stimulus sensitive. At the present time she has frequent complex partial seizures with no response to anticonvulsants, and a dense left hemiparesis. The EEG shows right-sided slow waves. MRI of the brain revealed infarction in the territory of the right middle cerebral artery with extensive cortical destruction.
Physiological
studies. Spontaneous jerks occurred as short bursts of EMG activity (<50 ms) which occurred synchronously in antagonist muscle pairs of the left arm at rates of up to 15 Hz. Backaveraging the EEG revealed a small positive spike (3 u,V), the peak and onset of which occurred 17 and 24 ms, respectively, before the onset of the EMG burst in the first dorsal interosseus muscle. There was no cortical evoked activity or reflex muscle jerk following stimulation of the median nerve. Magnetic stimulation of the right hemisphere failed to evoke any muscle responses in the left arm. Stimulation over the left hemisphere elicited short latency responses in both arms. Sometimes these were followed by a second response 50 ms later.
Cases of probable cortical origin Case 7
A 35-year-old right-handed female presented at the age of 10 years with frequent complex partial seizures comprising blank episodes with falling and automatisms. These continued unabated despite numerous trials of antiepileptic drugs. She later developed a progressive right-sided hemiparesis and dysphasia without a cause being found. At the age of 23 years continuous jerking of the right arm and leg developed, and subsequently secondary generalized seizures appeared. The jerking continued during sleep, and was made worse by movement. An intra-cerebral recording showed a focus in the left parietal area. She underwent a cortical transection (Morrell's procedure), with short-lived improvement, and this was repeated 1 year later. Biopsy showed normal brain tissue. She is now left with frequent seizures, continuous jerking of the right arm, and static right-sided weakness. EEG showed high amplitude, but poorly contoured, spike and sharp waves (3.5-4 Hz) against a background of slow activity. MRI of the brain showed only changes secondary to surgical intervention.
Physiological
studies. The jerks occurred in shortduration (<50 ms) EMG bursts which synchronously affected muscles at a rate of 3-5 Hz. No cortical potentials were identified before each jerk on backaveraged EEG. Right median nerve SEPs were of normal amplitude, although a small reflex jerk in the right arm was elicited at a latency of 60 ms. Her jerks were believed to be of cortical origin because of the previous positive evidence from intracerebral records. The Morrell's procedure may have reduced the size of the scalp recordable EEG correlate.
Case 8
A 16-year-old right-handed male who presented with a 2-year history of complex partial seizures and continuous jerking of his right hand. The latter ranged from small flickering movements that were barely noticeable to jerking of the whole arm. Occasionally the jerking would spread up the arm and evolve into a secondary generalized seizure. Examination revealed a right-sided pyramidal weakness and mild dysphasia. He was resistant to all anticonvulsants. EEG showed left frontal Rolandic spikes and an MRI of the brain was normal. The aetiology remained obscure but there has been no further progression.
Physiological
studies. Continuous jerking had ceased at the time of study. However, the latter part of a minor seizure involving the right leg and arm was captured. Recording started 2 s after onset of the seizure, which began with movement of the right foot at which time there was tonic activity in the right tibialis anterior and spike/wave activity localized at the vertex. Over a period of half a minute or so, the tonic activity declined and became phasic with short duration (<60 ms), EMG bursts occurring at ~6 Hz each preceded by a vertex spike in the EEG. The precise timing of this spike could not be measured from the chart recording. Somatosensory evoked potentials from stimulation of the posterior tibia! nerve at the ankle were enlarged (7 (iv), but there was no reflex muscle jerk. From this evidence and the EEG Rolandic spike we presume the jerks to be of cortical origin.
Case 9
A 55-year-old right-handed male presented at age 16 years with a generalized tonic-clonic seizure which was treated with phenobarbitone. No cause was found. He has had occasional seizures since that time, usually coinciding with drug withdrawal. At the age of 35 years, episodes of right arm jerking developed, each lasting from minutes to many hours. There was no response to anticonvulsants. He was otherwise well. Examination during an attack revealed initial flickering of the biceps muscle which increased in amplitude and frequency, producing jerky flexion movements of the elbow until tonic flexion appeared for a minute or so before the arm relaxed. Investigations including EEG and MRI were normal.
Physiological studies (see Fig. 3 ). Each episode of jerking began with short duration (<50 ms) EMG bursts in the affected muscles at irregular intervals. Over several seconds this built up into a crescendo of activity achieving final discharge rates of 20 Hz or more before slowing gradually over a period of ~20 s. Sometimes this was followed by a further brief tonic contraction lasting 3-4 s. Occasionally this sequence was repeated three or four times before the partial seizure subsided completely. Cortical SEPs were normal and there were no reflex jerks. Magnetic stimulation over the left motor cortex produced responses in the right arm of normal latency, but abnormal morphology, with long duration EMG bursts, which, on occasion, consisted of double discharges (an initial potential of 15 ms duration followed 5-10 ms later by a longer burst of 40 ms or so). The seizurelike pattern of the jerks, and the double responses to cortical stimulation suggest these jerks were cortical in origin.
Case 10
A 29-year-old right-handed woman presented with a 4-year history of jerking of the left arm. This started after a migrainelike attack consisting of visual scintillations and phosphenes in the left visual field associated with unilateral headache. Despite numerous treatments with antiepileptic drugs, the jerking continued unabated. She was, however, able to continue her job as a clerk. On examination, the left arm jerked continuously with all the muscles of the arm affected, bringing the arm up into a 'dystonic' posture. Examination was otherwise normal. There was no stimulus sensitivity or exacerbation on action. The EEG was normal. The MRI of the brain showed an area of high signal density in the right parietal-occipital lobe, involving grey and white matter, consistent with established infarction, the cause of which was presumed to be migraine.
Physiological studies (see Fig. 4 ). Spontaneous jerks occurred with short EMG bursts (<50 ms duration) in forearm and hand muscles at a frequency of 10-12 Hz. Because the jerks occurred so frequently, there was relatively little movement of the arm. Pauses of between 0.5 and 2 s, during which EMG activity ceased, occurred irregularly every 5-10 s. After the pause, the jerks restarted in a stereotyped pattern, beginning with a large synchronous jerk in hand muscles (sometimes accompanied by much smaller activity in forearm muscles). The second and subsequent jerks involved progressively more proximal muscles until deltoid was recruited. Backaveraging failed to reveal any EEG activity time-locked to the muscle jerks. Electrical stimulation of the left median nerve at the wrist produced no identifiable SEP. Stimulation of the right median nerve evoked a normal potential. EMG responses evoked by magnetic stimulation of the motor cortex were delayed on the left (central motor conduction time to hand muscles, 17 ms). Magnetic stimulation at threshold intensities during a period of muscle jerking could interrupt the jerks for up to 500 ms. Because of the recruitment pattern of muscles at the onset of the jerk, and the sensitivity to threshold magnetic stimuli, the jerks were thought to be of cortical origin.
Case 11
Two years ago this 64-year-old right-handed man noticed twitching of the right side of the face. Within a day the jerks had spread to involve his right hand, and have persisted since, even during sleep. On examination there were subtle right-sided pyramidal signs. All investigations including surface EEG were normal. There was no response to anticonvulsants. He has never experienced any other type of seizure. MR1 of the brain was normal.
Physiological studies (see Fig. 5 ). The jerks in the right face and arm occurred in short duration EMG bursts (<50 ms) at a frequency of 7-8 Hz. The jerks in the arm and face/neck seemed to be controlled by separate generators. Muscles of the arm were activated together, as were muscles of the face and neck. However, jerks in the arm were not synchronous with those in the neck, even though their rhythms were similar. No backaveraged EEG activity could be detected prior to the jerks. Stimulation of the right median nerve at the wrist evoked an SEP of normal size (3 |iV), but no jerks. The short duration of each jerk, and the two independent rhythms are most readily explained by a cortical mechanism.
Jerks of unknown origin (electrophysiological evidence unclear) Case 12
A 33-year-old right-handed male first presented at 6 years of age with jerking of the right hand. This was most noticeable whilst he was holding eating utensils. He then developed frequent generalized tonic-clonic seizures, which began focally in the right hand and spread up the right arm before becoming generalized. His motor development was slow with a persistent right-sided pyramidal weakness and frequent secondary generalized seizures. No structural cause was found on imaging. IQ declined from 113 to 90 by age 11 years. EEGs showed left-sided slow waves. Continued frequent seizures and continuous jerking of the right side of his face and sometimes, arm and leg, persisted and were present in sleep. There was no stimulus sensitivity. The episodes did not respond to anticonvulsants. Over the years he was affected by a number of episodes of major convulsive status. MRI of the brain showed left hemisphere atrophy.
Physiological studies. The jerks were short bursts of EMG activity (<50 ms duration) which occurred at the same time in face and arm muscles on the right side at a frequency of ~2 Hz. Backaveraging failed to reveal any EEG activity preceding the jerks. Stimulation of the right median nerve at the wrist produced a broad Nl peak (onset latency 20 ms), but this was not followed by any other discernible components, nor any reflex jerks. Magnetic stimulation over the left hemisphere failed to evoke any EMG activity in the right arm. Responses on the left side were normal.
Case 13
A 44-year-old right-handed female with a 3-year history of jerking of her right arm and hand with spread to tongue, face and legs. The movements varied from twitches to prolonged dystonic spasms of her right arm which lasted for up to half an hour. The jerks persist during sleep, but were not stimulus sensitive. Soon after the onset of the jerking, she began to experience frequent complex partial and secondary generalized seizures. She had a significant IQ decline with mild right-sided signs and an expressive dysphasia. Recently she has had a static course. There was no response to anticonvulsants, steroids or gamma globulin. EEG showed leftsided slow waves. MRI of the brain was normal. Brain biopsy showed non-specific inflammation.
Physiological
studies. There were no spontaneous jerks at the time of study. Peripheral nerve stimulation did not evoke any reflex responses, nor were the cortical SEPs abnormal.
Case 14
A 24-year-old left-handed female presented when 11 years old with unexplained episodes of transient speech arrest. A few months later she developed continuous jerking of the right arm associated with weakness and incoordination. No cause was found. Two months later she developed secondary generalized seizures. At the age of 17 years she underwent an intracerebral recording, but no focus was found and a brain biopsy showed non-specific inflammation. She is now stable with relatively infrequent seizures, but a dense rightsided hemiparesis. Numerous anticonvulsants were all ineffective. She still has intermittent stimulus sensitive jerking of the right hand, which is of low amplitude often just affecting the fingers. This is sometimes present in sleep. EEG findings are of a generalized excess of slow activity. MRI of the brain was normal. The patient declined physiological studies. was followed by a second episode 1 year later. She was seen by a psychiatrist and a hysterical cause postulated. The second episode lasted for 1 year. Since then she has had about four to six episodes in total. Her current jerks have been present for nearly 3 years. They are sometimes present during sleep, and worsen with certain arm actions such as bowling, or fine manual tasks. She has no weakness or associated signs, and has never had any seizures. She is able to live an otherwise normal life. EEG was normal. MRI of the brain showed an arteriovenous malformation in the right basal ganglia, not involving the cortex {see Fig. 6 ).
Physiological
studies. The jerks occurred as bursts of EMG activity 200 ms in duration in forearm and hand muscles at a frequency of 3-4 Hz. The bursts were most prominent, and alternating, between forearm extensor and adductor digiti minimi muscles. Because the onset of the jerks was ill-defined, and because of the alternating pattern between muscle groups, it was not possible to perform backaveraging of the EEG. Stimulation of the left median nerve at the wrist produced a small reflex response in the forearm extensor muscles at a latency of 40 ms. The Nl component of the SEP was of normal latency and size, but was followed by a large late positive wave (amplitude 30 nV, onset 32 ms, peak 43 ms).
Case 16
A 36-year-old right-handed male. Twenty-four years previously he suffered an intracerebral haemorrhage secondary to a cerebellar haemangioblastoma. This was successfully treated surgically. He never had any generalized seizures, but was left with a mild right hemiparesis. He was well until 10 years later when he had an episode of continuous jerking of his right shoulder and arm which lasted for 2 years and then stopped. This episode had been present for 6 months when it also affected his left paraspinal muscles. The jerks were not stimulus sensitive and, although continuous, were subject to periods of exacerbation lasting for 30 min. He was started on clonazepam which stopped the worst periods of jerking. MRI of the brain showed evidence of the old cerebellar decompression, and no cortical abnormalities.
Physiological studies (see Fig. 7 ). Jerks were virtually continuous in the right teres major muscle, and other unidentified muscles at the back of the neck and occurred at a rate of 3-6 Hz. Each EMG burst lasted 50-100 ms, with activity alternating between the teres major and neck muscles. On occasion, the jerks spread to involve all the muscles around the shoulder and upper arm for periods of 2-5 min. Because of the alternating pattern of activity, it was not possible to backaverage the EEG activity prior to each burst. Somatosensory evoked potentials following median nerve stimulation were normal. Magnetic stimulation of the left motor cortex produced normal latency responses in hand muscles. In addition, it triggered a reflex jerk in the teres major and stemocleidomastoid muscles with a latency of 90 ms.
Discussion

Clinical features of all patients with EPC
In this study, we ascertained cases of EPC diagnosed clinically in the UK using the British Neurological Surveillance Unit (Cockerell et al, 1995) . The likelihood of EPC presenting to one of the neurologists surveyed by the British Neurological Surveillance Unit is very high, so the cases ascertained are a reasonably accurate reflection of the frequency of this condition in the UK. This study ascertained 36 cases over the 1-year period which gives a prevalence of less than one per million, 10 of these being new cases.
A wide spectrum of cases was notified, and in general reflected the results of previous studies. The main distinction between the cases was the age at onset. In children, EPC is often a manifestation of Rasmussen's encephalitis with a progressive neurological decline and multiple seizure types (Bancaud, 1985; Oguni etal, 1991) . A clinical picture similar to Rasmussen's was seen in the other childhood onset EPC cases caused by other multi-system neurodegenerative disease, the main distinguishing feature being bilateral involvement, extrapyramidal and cerebellar signs. Some of these cases may have had a mitochondrial aetiology as described elsewhere (Carroscosa et al., 1990) . A syndrome indistinguishable from Rasmussen's due to a neuronal migration disorder has been described (Desbiens et al., 1993) , but we were unable to substantiate this in any of our patients for whom histological information was available. Childhood onset EPC is not invariably associated with a bad outcome: two of our cases occurred secondary to perinatal infarcts and had a static, though chronic, course.
Epilepsia partial is continua beginning in adult life is usually secondary to atherosclerotic cerebral vascular disease, strokes or tumours (Juul-Jensen and Denny-Brown, 1966; Schomer, 1993) , and this was confirmed in our study. A few idiopathic cases were notified. MRI brain scans were normal in nine patients overall and in the seven adults seen by us, without any evidence of focal cerebral dysplasia. A wide variety of other causes of EPC was seen, including inflammatory vascular disease, venous thrombosis, arteriovenous malformations, trauma and Creutzfeldt-Jakob disease. Epilepsia partialis continua can develop in isolation with no other seizures and only minor impact on normal daily life, but other seizure types were present in 60% of patients. In a proportion of adult patients, EPC resolved. Most of these patients received antiepileptic drugs and so the curative potential of treatment is not known. The highly resistant nature of the other cases, and the observation that three patients who never received antiepileptic drugs resolved spontaneously, may suggest that antiepileptic drugs do not affect the outcome, at least of the EPC itself. No patients with EPC were seen with a response to clonazepam, as reported elsewhere (Schomer, 1993) .
Characteristics of jerking in patients seen
All 16 patients examined had localized jerks, involving the hand and upper limb in the majority of cases (12 out of 16). The frequency of jerking varied over a considerable range from <3 to >20 Hz, with the great majority being 2-8 Hz.
In some patients, the pattern and frequency of jerking was not influenced by voluntary movement or manipulation of the limb. In others, action and stimulus sensitive (somaesthetic) reflex myoclonus were present. In two cases, reflex jerks persisted when spontaneous jerking had resolved.
Probable origin of myoclonus
Previously there has been conflicting evidence for the origins of EPC. Abnormalities on surface EEG studies support a cortical origin (Wieser et al., 1978; Chauvel et al., 1992) , and this view is generally held today (Schomer, 1993) . Others have speculated that, although cortical in origin, sub-cortical mechanisms may be also be required to set up the environment for EPC (Thomas et al., 1977; Marsden et al., 1982) . Finally, others have maintained that a sub-cortical source alone is enough to produce EPC (Juul-Jensen and Denny-Brown, 1966; Kristiansen and Henriksen, 1971; Botez and Brossard, 1974) .
We tried to resolve the question of the origin of the muscle jerks in the present patients by performing extensive neurophysiological studies. Six patients (Cases 1-6) had clear physiological evidence for cortical myoclonus with short duration EMG activity, and spontaneous or reflex jerks (or both) preceded by a positive spike in the EEG at a latency compatible with corticospinal conduction times (Halliday, 1967; Obeso et al., 1985) . Such findings do not exclude the possible involvement of subcortical structures but in no case was there definite evidence to support this.
The results from one patient (Case 6) in this group are of interest. Despite the presence of an EEG spike time-locked to the muscle jerk, the patient could neither move that arm voluntarily nor could the limb be activated by magnetic stimulation over the contralateral motor cortex. We suggest that the area of cortex producing the jerks was effectively disconnected from the remainder of the brain and so was inaccessible to both the voluntary motor command, and the cortical inputs which are usually activated by the magnetic stimulus. Two similar cases were discussed by Thomas et al. (1977) . These patients also had regular jerks in hemiparetic limbs following cortical infarction.
In five patients we identified a cortical origin for the jerks on the basis of more indirect evidence, such as previous investigations, aberrant responses to magnetic brain stimulation, and the pattern of muscle jerking. All had short duration, synchronous EMG bursts without evidence for time-locked EEG activity. Lack of a scalp-recordable cortical correlate does not exclude a cortical origin for the muscle jerks. Thomas et al. (1977) reported a case in which cortical activity preceding regular jerks of the left arm was detected only by direct recording from the surface of the brain at operation: the scalp EEG had been unremarkable. The conclusion is that scalp records of EEG activity may sometimes fail to detect underlying cortical activity. This may be because the activity is too small to show up over prominent background activity, or because the dipole responsible is oriented at an unfavourable angle with respect to the surface recording electrodes. A summary of the clinical and neurophysiological features which help to localize the origin of the myoclonus is shown in Table 4. MRI is also important in localizing the source of the EPC and a clear discrete cortical or subcortical lesion is a convincing pointer to an ictal focus. However, in the patients seen by us, the MRI was only confirmatory. For instance, the two patients (Cases 2 and 3) with relatively discrete cortical abnormalities on MRI both had good neurophysiological evidence for a cortical focus. In many patients the MRI was normal, and showed both cortical and subcortical damage, or just non-specific changes. There were no patients in whom the neurophysiological evidence was not in favour of a cortical origin but who had MRI features of cortical involvement.
We could not provide any definitive neurophysiological evidence for the origin of the jerks in the remaining five patients that we saw. One of them was not examined physiologically and, in two others, there were no clues as to the site of origin. The jerks in these three patients were classified as being of unknown origin on physiological grounds, although the clinical history of seizures in the cases is suggestive of possible cortical involvement. We considered the jerks in the two remaining patients were likely to have a subcortical origin. In both, the EMG activity was of long duration and alternated between antagonist muscle groups, quite unlike the synchronous activation seen in cases of cortical origin. One of these patients (Case 15) had a lesion in the basal ganglia without cortical involvement. The other (Case 16) had a cerebellar abnormality. Neither patient had seizures. We can only speculate on the mechanism of their jerks. One possibility is that they were due to activity in a brainstem centre disfacilitated by removal of basal ganglia or cerebellar influences. Another is that they were caused by 'epileptic' activity within the damaged structures, which was then conducted to the spinal cord by connections through the brainstem or even through the cortex.
It is more difficult to draw conclusions on the origin of the myoclonus in the patients not seen by us. The two important pointers to a cortical source when neurophysiological investigations had not been done were (i) the coexistence of epilepsy and (ii) neuroimaging evidence of cortical involvement. In this study most patients had neuroimaging evidence of cortical involvement (although there was also subcortical involvement in a few) as well as seizures, suggesting that the cortical type EPC is the commonest source of the myoclonus. This is unsurprising when the commonest pathologies are vascular or neoplastic which usually produce extensive cortical involvement.
Conclusions on the nature of EPC and its differential diagnosis
The present data confirm the generally accepted idea that the muscle jerks in most cases of EPC arise in the cerebral cortex. Nevertheless, it is also clear that some patients diagnosed as EPC have jerks which arise in subcortical structures-at least two of the cases presented here are evidence for this. The question therefore arises as to whether these cases should continue to be classified as having EPC. Several definitions of EPC are available. Some are purely descriptive of the pattern of jerking, e.g. 'regular or irregular clonic muscular twitches affecting a limited part of the body, occurring for a minimum of one hour, and recurring at intervals of no more than ten seconds' (Thomas et al., 1977) , whilst others specify the origin of the jerks 'spontaneous regular or irregular clonic muscle twitching of cerebral cortical origin, sometimes aggravated by action or sensory stimuli, confined to one part of the body, and continuing for a period of hours, days, or weeks' (Obeso et al., 1985) . Since it is clear from the present survey that neurologists do not diagnose EPC if there is any positive evidence that the jerking arises in the spinal cord or peripheral nerve, there seems to be no merit in classification rules that define EPC in terms of length or frequency of jerks without mention of its neuroanatomical origin. We would therefore favour the last definition, in which the source of the jerks is specified. In brief, EPC consists of 'continuous muscle jerks of cortical origin'. It is thus a fragment of epilepsy and just another term for focal motor status epilepticus (Schomer, 1993) . Jerks arising extra-cortically (as presumed in Cases 15 and 16) are best given another term and we suggest 'myoclonia continua' as an expression that has no localizing value and is purely descriptive.
Relationship of EPC to extent of the cortical injury and the severity of seizures
The degree of cortical involvement might be expected to be proportional to the extent and severity of the EPC. However, in the patients reported to us, and confirmed in the patients seen, the degree of cortical damage did not correlate with the number of muscles involved by the EPC, or the frequency or duration of the EPC. Some patients had large lesions and only EPC of the hand, and yet others who had no visible lesions on MRI had extensive EPC of one side. There was also a poor correlation with the occurrence of other seizures with the severity of the EPC. Some patients had unidentifiable lesions but frequent secondary generalization, and others had well-visualized cortical lesions that would be expected to be a potent epileptic trigger and yet only had EPC in isolation. The reasons for these discrepancies are unclear. Of note is that the patients with Rasmussen's disease had a greater tendency to have more frequent seizures, multiple seizure types and a propensity to secondary generalization. This may be due to the greater extent of damage that occurs with the Rasmussen's process (Oguni et al., 1991) . However, strokes also produce widespread unihemispheric damage, and yet EPC is a rare occurrence. This may be because strokes produce gross neuronal damage, whereas Rasmussen's is an inflammatory process in which the cortical structures are partially maintained with preservation of larger populations of cortical neurons that are able to give rise to ictal discharges.
Conclusions
Both EPC, and another condition that resembles EPC that we have termed myoclonia continua, form a group of heterogeneous conditions, both clinically and neurophysiologically. The demonstration of a cortical origin of the myoclonus is an essential part of the delineation of a patients with EPC. This separation may not be easy as many of the neurophysiological hallmarks of a cortical origin may be lacking, even in patients where there is other evidence of cortical involvement. The distinction of EPC from myoclonia continua is still important clinically, and serves to localize the lesion when curative resection is being contemplated. The distinction also sets EPC more comfortably in the framework of our conceptions of epilepsy as a cortical phenomenon. The mechanisms of myoclonus generation in the cortex, and elsewhere in the nervous system, however, remain elusive and further clarification is likely to increase our understanding of the neurophysiology of epilepsy as a whole.
